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It has been about 140 years ago that the phenomenon of dialysis was firsr described.
During the twentieth century dialysis has developed from simple in uitro diffusion of
crystalloid substances thlo^ugh a semi-permeable membrane into 
" 
life-sustainin g in uiuo
therapy for chronic renal failure patients. Providing an adequate hemodialysis ,Ë",-.n,
has been in the centre ofattention ofnephrologists Juring the l"rt three d.cáes. However,
to date still no definite comprehensiu. d.fi.tiion of 
".r 
á.q,r"te hemodialyri, tr."t-.nt
has been formulated. The dose of dialysis, the dietary pror.in intake and the nutritional
status are important aspects of dialysis adequacy, as these factors have shown to have a
major impact on outcome. in hemo.dialysis patients. Quantification and monitoring of
the dialysis dose and nutrition has, therefore, b..o-. 
"r, 
i-por."nt issue for the cliniálly
working nephrologists in the rrearmenr of hemodialysis patients.
Summary
The studies described in chapter 2 and chapter 3 focus on the quantification of the urea
distribution volume (UDV) in chronic hemodialysis parienrs. h., 
"..,rr",. 
value of the
patient's UDV is required in order to assess protein intake from the protein equivalent of
total nitrogen aPpearance (PNA) that is based on the interdiálytic urea nitrogen
apPearance. In clinical practice anthropometric equarions rhat estimate tot"l body *iter
are often applied to esrimare UDV Howerr.r, thèse equations have been derived from
healthy populations and may not be valid in hemodialysis patients. Urea isotope dilution
is considered to be the gold standard for assessing UDV. 
-
In chapter 2 an urea dilution technique is described using the stable urea isotope [r3c]urea
and headspace GC-IRMS analysis for measuring kinetic paramerers of ,rr.à i" fr."f,lf
subjects and chronic hemodialysis patients, includlng UDV. fnis method allows measure-
ment of the molar pe-rcentage excess of ll3c]urea ro in 
"..rr".y of 0.02%o and reproduci-bility of the method for determining UDV is good. The low cosis of this [r3C]ureaiilution
method opens possibilities to study urea kinetics on a larger sc"le, especirily in p"ti.nts
with end stage renal failure.
In chapter 3 different UDV values based on commonly used anrhropometric equarions
were compared to UDV values based on rhe direct dialysis quantificatio., ioog
technique.in a group of stable hemodialysis parienrs. The'DDe rechnique combinÀ
urea kinetic modeling with quantification of urea in spent dialysaà and is considered to
be a very accurate kinetic method for assessing UDV i; individual hemodialysis parienrs.
In.a subgroup of patients UDV was also measured by [r3c]urea dilution (uovo,r).
Values of PNA were assessed_using the various UDV esiimates and compared to dietaiy
protein intake assessed from food records (DPD.The anthropometric 1n.thod, includej:
the-\watson equarions ()x/AT! 1 fixed proportion of postdiàlysis body weight, 5go/o for
males and 55o/o for females (%BlM), 
"nd "rrèrr-..rt oflean body mass bi skinfold thickness
Suwv .qnv ,  G r r rnnL  D  scuss  oN  l r t r o  Fu ruRr  P rRsp rc t r v r s
measurements (SFT). The anthropometric based UDV values overestimated UDVrrrxl
by 5 L to 10 L or 20o/o to 40o/o on average . The difference between UDV,rsw and UDVuntl
correlated with the percentage body fat and body mass index, indicating that the
intermethod difÍèrence is caused in part by the variation in body composition. Additional
experiments showed that the plasma urea concentration at 15 minutes postdialysis, which
was used in the assessment of UDVoDe, was not completely equi-librated. Consequently,
UDVppqwas probably slightly underestimated. The UDVr)De did not differ from UDVrrrr
after correction for incomplete postdialysis urea equilibration, while the anthropometric
methods significantly overestimated UDVori-. On average PNAooq did not differ from
DPI, while anthÍopometric based PNA values overestimated DPI by 8 to 16 glday. Ir
was concluded that anthropometric equations appear to over-estimate UDV values in
hemodialysis patients. Consequently, anthropometric based PNA values overestimate
actual protein intake. PNA values based on DDQ are more reliable estimates of protein
intake. However, PNA measurements hould be interpreted with caution, because the
agreement with DPI varied considerably in individual patients.
No consensus has been reached about which method is most appropriate for normalizing
protein intake estimated from PNA measurements in order to standardize protein intake
io individual differences in body size. In the cross-sectional study decribedin chapter 4
five different commonly used normalized PNA variants are related to indices of nutritional
status in a group of stable hemodialysis patients. PNAwas normalized to actual postdialysis
dry body weight, normal body weight, lean body mass, normal lean body mass, and
'normalized' body weight. Normal body weight and lean body mass values were obtained
from the NHANES reference population. 'Normalized' body weight was calculated from
the patientt UDV assessed by DDQ. The PNAvariants that were normalized to normal
values of body'weight and lean body mass correlated positively with almost all nutritional
paramerers. PNA normalized to postdialysis dry body weight tended to correlate inversely
with the nutritional status, indicating that PNA normalized to actual body weight is
relatively high in underweight and malnourished patients. No correlation was found
between PNA factored by 'normalized' body weight and the nutritional status. lt was
concluded that normalization of PNA using normal values of dry body weight or lean
body mass is the most appropriate method to adjust protein intake to body size in
hemodialysis patients. Actual PNAwas also positively related to nutritional status. Because
actual PNA is the purest estimate of protein intake in hemodialysis patients, we
recommend that actual PNA alo should be evaluated in studies that relate protein intake
to Patient outcome.
Methods that are used to monitor the dose of dialysis and dietary intake should be
reliable in the individual patient, because clinicians base their therapeutical decisions on
the resul ts  oÊthese - . thádr .  In  chapter  5 the session- to-session uai ia t ion of  commonly
used urea kinetic parameters and the day-to-day variation in dietary intake were measured
in order to determine how many measurements hould be averaged to make meaningful
CHnpr rn  8
decisions in individual hemodialysis patients. This study included 50 hemodialysis patients
that completed the baseline period of the prospective study. Three dialysis sessions were
modeled while the dialysis prescription was kept constant. Complete seven-day food
records were obtained in 43 patients. The session-to-session variation in the Kt/V
measurements was small in the majority of the patients. The protein catabolic rate (PCR)
measurements showed the largest variation of the urea kinetic parameters. The day-to-
day variation in DPI and dietary energy intake (DEI) was quite large, despite a relatively
strict prescribed diet. Because we were not able to predict the degree of varation
beforehand, the P90 of the CVvalues was used to determine the number of measurements
that should be averaged to get reliable estimates. In order to obtain a reliable value of Kt/
V with a precision of l0o/o the average of three measurements was required. There was a
660/o chance that a single Kt/V value was within xl}o/o of the true value. To estimate
PCR with a precision of l0o/o the average of rwelve measurements was required. There
was only a 28o/o chance that a single PCR value was within t l0% of the true value. If the
level of precision was set at 20o/o the average of three measurements was sufficient to
estimate PCR reliably. Estimation of DPI and DEI with l0% precision required at least
twenty-eight and nine-teen food recording days. Setting the level of precision at 20o/o
the average of at least seven and five days was required, respectively. The importance of
averaging multiple measurement values was demonstrated by the significant correlation
berween the mean of the three PCR values and DPI averaged over the whole week, while
no correlation was observed berween a single PCR and DPI based on one food recording
day. It was concluded that the session-to-session variation in Kt/V is relatively small in
stable hemodialysis patients. The averaged value of at least rwo to three modeled dialysis
sessions i  required to assess the Kt/V reliably. Meaningful decisions can be made on the
averaged value of at least three PCR measurements. To assess dietary protein and energy
intake food intake should be recorded for at least one week.
Chapter 6 is the main part of our study and decribes a prospective, randomized controlled
multicentre study on the effect of increasing the dialysis dose above the minimum accepted
adequate level and prescribing a high protein diet on actual protein intake and nutritional
status in stable chronic hemodialysis patients undergoing three weekly dialysis. The
included patients were relatively well nourished. After a 1 0 weeks baseline period patients
were allocated to a High Dialysis Dose (HDD) group with a a target Kt/V"o of 1.4 or a
Regular Dialysis Dose (RDD) group with a target Kt/V.o of 1.0. During the 80 weeks
study period, a High Protein (HP) diet containing 1.3 g protein/kg of ideal body weight
(IBW)/day and a Regular Protein (RP) diet containing 0.9 g protein lkglday diet were
prescribed to both groups during 2x40 weeks in a cross-over design. The target Kt/V.o of
1.4 was not achieved in about three quarters of the HDD patients, because patients
showed a great reluctance to have their dialysis time increased. Delivered Kt/V.o in the
HDD group (1.26x0.14) was significantly higher than that in the RDD group
(1.02t0.08). Protein intake during the HP diet was modestly but significantly higher
than that during the RP diet. Protein intake during the HP diet did not differ berween
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the HDD and RDD group, indicating that compliance with the HP diet was not improved
by increasing Kt/V.q. Effects of the four treatment regimens on the nutritional status did
not differ. Body weight and total fat mass increased over time in the HDD group, but
not in the RDD group, while reported dietary energy intake did not differ. Lean body
mass and plasma albumin remained stable overtime. Prescribing a high protein diet did
not lead to aggravation of hyperphosphatemia or metabolic acidosis. Increasing Kt/V.o
appeared to improve the control of these metabolic disturbancies. It was concluded that
prescribing a high protein diet results in a modest increase in actual protein intake, but
increasing the Kt/V.o above 1.0 did not have a contributing effect. Increasing the dialysis
dose above the accepted adequate level combined with a high protein diet also did not
have a favourable effect on the nutritional status. A dietary protein intake ofat least 0.9
g/kg ideal body weight/day appears to be adequate for well nourished, adequately dialyzed
hemodialysis patients. Increasing the dialysis dose appeared to improve the control of
hyperphosphatemia and metabolic acidosis and may have a favourable effect on energy
balance.
In chapter 7 we hypothesized that underestimation of habitual DEI by selÊreporting of
food intake could explain the contradiction ofa neutral to positive energy balance, despite
an apparently insufficient DEI in a large proportion of patients that participated in the
prospective study described in chapter 6. Patients with a complete follow-up of 40 weeks
were included in this retrospective analysis. In these patientsdry body weight increased
over time at a DEIrev of 29x5 kcallkgl day. A total energy re quirement (TEE) of at least
1.27 times the basal metabolic rate (BMR) is presumed to be required to maintain body
weight over time. A DEI that is lower than this minimum value ofTEE in patients with
stable body mass over time strongly suggests underreporting of habitual DEI. The DEI/
BMR ratio was below L27 in 610/o of the patients. In these patients body weight increased
significantly over time, despite a DEI/BMR ratio of only 1.06t0.15. The DEI/BMR
ratio correlated inversely with the body mass index. The DEIrs\í and DEI/BMR values
were higher in home dialysis patients than in centre-dialysis patients. This could in part
be related to a difference in physical activiry between these patient groups. It was concluded
that the contradiction of a stable body mass over time despite an apparently insufficient
DEI in hemodialysis patients is mainly explained by an underestimation of habitual
DEI, occuring particularly in overweight patients.
